Abstract Childhood obesity is a complex, worldwide problem. Significant resources are invested in its prevention, and high-quality evaluations of these efforts are important. Conducting trials in school settings is complicated, making process evaluations useful for explaining results. Intervention fidelity has been demonstrated to influence outcomes, but others have suggested that other aspects of implementation, including participant responsiveness, should be examined more systematically. During Food, Health & Choices (FHC), a school-based childhood obesity prevention trial designed to test a curriculum and wellness policy taught by trained FHC instructors to fifth grade students in 20 schools during 2012-2013, we assessed relationships among facilitator behaviors (i.e., fidelity and teacher interest); participant behaviors (i.e., student satisfaction and recall); and program outcomes (i.e., energy balance-related behaviors) using hierarchical linear models, controlling for student, class, and school characteristics. We found positive relationships between student satisfaction and recall and program outcomes, but not fidelity and program outcomes. We also found relationships between teacher interest and fidelity when teachers participated in implementation. Finally, we found a significant interaction between fidelity and satisfaction on behavioral outcomes. These findings suggest that individual students in the same class responded differently to the same intervention. They also suggest the importance of teacher buy-in for successful intervention implementation. Future studies should examine how facilitator and participant behaviors together are related to both outcomes and implementation. Assessing multiple aspects of implementation using models that account for contextual influences on behavioral outcomes is an important step forward for prevention intervention process evaluations.
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Background
Childhood obesity (i.e., body mass index (BMI) ≥95th percentile age for sex) prevalence has increased threefold since 1970 in the USA, based on data from the nationally representative National Health and Nutrition Examination survey (NHANES; Ogden and Carroll 2010) . Furthermore, non-white children and adolescents, and children from families with lower socioeconomic status experience disproportionately high levels of childhood obesity (Pratt et al. 2014 ). Worldwide, trends are similar (de Onis et al. 2010) . Childhood obesity has been linked to chronic disease in both childhood (Herouvil et al. 2013 ) and adulthood (Cote et al. 2013 ), contributing to the high economic and social burden of obesity. A complex health and environmental problem, obesity has proved extremely challenging to treat, underscoring the importance of obesity prevention efforts. Most interventions developed to prevent childhood obesity target energy balance-related behavior (EBRB), including dietary and physical activity behaviors, such as fruit and vegetable consumption or television viewing (van Stralen et al. 2012) .
Significant resources are invested in childhood obesity prevention interventions; thus, emphasis has been placed on establishing an evidence base for childhood obesity prevention interventions through randomized controlled trials (RCTs). However, results from RCT evaluations of childhood obesity prevention interventions are mixed. Pooled in meta-analyses, childhood obesity prevention interventions are demonstrated to be highly heterogeneous and though generally positive, effects are typically small (Waters et al. 2011) .
In RCTs implemented in schools, variations in sites, stakeholders, and participant characteristics are difficult to control. Efforts to improve prevention interventions through process evaluations, which suggest how variations in implementation influenced results, have focused on fidelity as a major predictor of intervention success (Carroll et al. 2007; Dusenbury et al. 2003; Durlak and Dupre 2008; Pettigrew et al. 2015; Proctor et al. 2011) . Fidelity is the most commonly assessed implementation factor in prevention interventions (Durlak and Dupre 2008) and, specifically, childhood obesity prevention interventions (e.g., Griffin et al. 2014; Lee et al. 2013; Martens et al. 2006) . Further study of other aspects of implementation (Kam et al. 2003 ) and the interrelationships among them (Proctor et al. 2011 ) is needed. Berkel et al. (2011) proposed Ban integrated model of program implementation,^a theoretical framework categorizing intervention implementation into Bfacilitator behaviors^and Bparticipant behaviors,^and hypothesizing links to program outcomes. Facilitator behaviors included: fidelity, defined as Badherence to program curriculum;^quality of delivery, defined as the Bskill with which the program is implemented;â nd adaptation, defined as Badditions made to the program during implementation.^In this model, the term Bparticipant behaviors^referred to responsiveness, which they defined as Binvolvement and interest in the program,^including participation, satisfaction, and home practice. Though responsiveness has been measured less frequently in process evaluations (Durlak and Dupre 2008) , the inclusion of student satisfaction in childhood obesity prevention intervention process evaluations has been on the rise (e.g., Christian et al. 2012; Lee et al. 2013; Martens et al. 2006; Waters et al. 2011; Singh et al. 2009 ). School-based process evaluations have also measured student recall (e.g., Schneider et al. 2009 ) and use of materials (e.g., Christian et al. 2012; Martens et al. 2006; Schmied et al. 2015) .
As part of the Food, Health & Choices (FHC) school-based obesity prevention trial process evaluation, we were able to assess many of the theoretical relationships proposed by Berkel et al. (2011) . We measured facilitator behaviors including the percent of program activities completed in each classroom (i.e., fidelity) and the classroom teachers' interest in the program based on their attitudes toward FHC and participation in teaching FHC (i.e., quality). Because FHC was designed using a participatory approach and extensive formative evaluation in schools that were very similar to those in which it was implemented, we did not measure adaptation of the intervention. We measured participant behaviors, including satisfaction with and recall of the intervention. We then tested how facilitator behaviors and participant behaviors predicted program outcomes (EBRBs) during FHC based on Berkel et al.'s (2011) model. Because facilitator attitudes towards and skills in implementing an intervention have been linked to fidelity (Durlak and Dupre 2008) , we included an additional relationship, between teacher interest and fidelity, in our model. We hypothesized that (1) Fidelity, teacher interest, student satisfaction, and student recall would predict EBRBs; (2) teacher interest would predict fidelity and both teacher interest and fidelity would predict student satisfaction and recall; (3) teacher interest, student satisfaction, and recall would each moderate the relationship between fidelity and EBRBs; and (4) student satisfaction and recall would mediate the relationship between fidelity and EBRBs. These relationships are depicted in Fig. 1 . Here, we present the results of statistical models assessing these relationships, accounting for three levels of influence on outcomes and controlling for contextual factors.
Methods
FHC, a cluster randomized controlled trial, was conducted during 2012-2013 in high-need New York City (NYC) public elementary schools. FHC tested the impact of a theory-based nutrition science inquiry curriculum, classroom-level nutrition and physical activity wellness policy, and combination of the two on fifth grade students' EBRBs and BMIs. Schools were recruited via mail in six NYC districts. Twenty (50%) interested schools were excluded because of charter status (n = 1), classroom structure (n = 1), or lack of follow-up (n = 18). Participating schools (n = 20) were stratified based on percent of students eligible for free and reduced-price lunch and average reading and math scores. Then, five schools were randomly assigned to each of four study conditions: Curriculum, Wellness, Curriculum + Wellness, or delayed control , see Figure S .1 (available online).
The Intervention
The intervention was developed using the Nutrition Education DESIGN Procedure (Contento 2015) , a participant-centered approach involving the systematic operationalization of theory-based determinants of behavior change in program activities and evaluation plans. 
Wellness
Students in schools randomized to Wellness received a classroom wellness policy, including a snack policy addressing foods brought into the classroom and BDance Breaks,ĉ horeographed 10-min bouts of physical activity during class time. FHC instructors facilitated both activities during weekly classroom visits throughout the school year; classroom teachers were responsible for facilitating Wellness on remaining schooldays.
Curriculum + Wellness
Students in schools randomized to Curriculum + Wellness received both the curriculum and wellness policy interventions, as described above.
Control
Data were collected from students in schools randomized to the control condition during the intervention year. During the following school year , fifth grade students in these schools received Curriculum + Wellness.
Participants
Fifth grade students participated in the study. Data from students who were absent, no longer attending a participating school, or whose parent withdrew them from the study were not included. Students who were outliers on body composition (n = 5) or age (n = 1) were excluded. Table 1 shows the baseline characteristics of the study participants and schools.
Measures
We collected EBRB outcome data at baseline and postintervention and socio-demographic data for students and schools at baseline. We collected data about facilitator and participant behavior throughout the intervention. Data were collected separately for each arm; thus, students and FHC instructors provided Curriculum data during lessons and Wellness data during Wellness activities.
Facilitator Behaviors
We measured facilitator behaviors at the classroom level. These included fidelity (i.e., adherence) and teacher interest (i.e., quality). Although classroom teachers did not teach the curriculum and only facilitated some of the wellness activities, we considered their attitude toward and participation in FHC part of the quality of delivery. FHC instructors facilitated the curriculum and some of the wellness activities and were highly trained to consistently present the activities; they were not independently observed frequently enough to reliably measure quality of delivery.
Fidelity We measured fidelity by calculating percent completion. FHC instructors completed previously validated feedback forms (Contento et al. 2010 ) after each session. FHC instructors received extensive training and weekly follow-up to improve feedback form accuracy. We calculated fidelity for each session by dividing completed activities completed by total activities in the lesson; a mean completion score was calculated for each class and reported on a 100-point scale. 1348 feedback forms were collected (76% response rate) from Curriculum (n = 611) and Wellness (n = 737) sessions.
Teacher Interest We also used the feedback forms completed by FHC instructors after each session to measure two variables related to teachers on 3-point scales: Teacher participation (uninvolved, somewhat involved, very involved) and teacher attitude (negative, neutral, positive). The pairs of teacher variables were highly correlated within each classroom, so teacher participation and attitude were averaged to create a teacher interest score. Teacher interest during observed FHC sessions was used to operationalize quality, defined as clear, comprehensible, and enthusiastic program delivery by Berkel et al. (2011) .
Participant Behaviors
We measured participant behaviors at the individual student level. Both satisfaction in both Wellness and Curriculum conditions and recall in the Curriculum condition represented responsiveness to the intervention.
Student Satisfaction
We measured satisfaction using a survey administered to students during the final FHC session. Students who participated in the Curriculum (n = 494, 66%) and Wellness conditions (n = 474, 68%) answered the question, BOverall, did you like Food, Health & Choices?^on a scale of 1 to 5, from Bdidn't like it at all^to Bloved it.Ŝ tudents in Wellness answered additional questions about satisfaction with the dance breaks and snack policy.
Student Recall
We also measured recall of the curriculum with lesson artifacts collected about ¾ through the curriculum. Students participating in Curriculum (n = 515, 69%) completed prompts with the six FHC behavioral goals. Student responses were coded by recall of the behaviors (no recall = 0, recall = 1, partial recall = 0.5) and percent recall was calculated for each student. To facilitate comparison, percentages were transformed into 5-point ordinal variables.
Program Outcomes
We collected students' self-reported EBRB data at baseline and post-intervention using the previously validated Food Health & Choices Questionnaire (FHC-Q; n = 938, 70% response rate). The FHC-Q consists of 45 items about EBRB frequency and size/duration and 71 items about theory-based psychosocial mediators. FHC-Q EBRBs include fruit and vegetable, sugar-sweetened beverage, processed packaged snack, fast food, physical activity and recreational screen time behaviors. Eating behavior questions capture the frequency of food eaten per week and portion size usually eaten at one time. Physical activity and recreational screen time questions capture the weekly frequency of activities and per session duration of the activity. Frequency questions are asked with BIn the past week, I ate…(or I did…)^and portion size/duration questions are asked with the stem BHow much did you usually eat/ drink at one time…^or BHow long each time did I…^For each of the six EBRBs measured by the FHC-Q, there are 4-14 items. The psychometric properties and administration of the FHC-Q are discussed elsewhere (Gray et al. 2016) . The range of the percentage missing data was from 7 to 26% depending on scales (Gray et al. 2015a ). Little's MCAR test (Little 1988) showed insufficient evidence to suggest that the missing pattern was not completely at random (χ 2 =15664.43; p = .065).
Contextual Factors
We collected data about students, classes, and schools to include as covariates in our models. As BMI has been related to EBRB reporting (Fisher et al. 2000) , we included baseline BMI in our models. We assessed BMI with a portable stadiometer (Seca model 213) and a Tanita® body composition analyzer (Model SC-331 s) using a standardized protocol and calculated BMI (kg/m2) and BMIz-score (BMIz; Kuczmarski et al. 2000) . We also collected gender and age data. Evidence linking classroom norms to fidelity and Obesity, 30, [590] [591] [592] [593] [594] outcomes in behavior interventions (e.g., Lee et al 2013; Peets et al. 2015) suggests that a class's behavior might influence implementation and outcomes. We used feedback forms completed by FHC instructors after each session to measure two variables that reflected classroom norms: student participation (uninvolved, somewhat involved, very involved), and student behavior (major problems, minor problems, no problems). These variables were averaged to create a class engagement score. We also used public NYCDOE data for school covariates, specifically: percentage of students eligible for free and reduced price lunch (%FRL), percentage of Black students (%Black), percentage of Hispanic students (%Hispanic), and percentage of English language learners (%ELL).
Analysis
We calculated means and standard deviations to describe each variable and conducted an exploratory factor analysis (EFA; available online). We then used factor loadings with a multiplyimputed dataset to calculate pre-and post-test factor scores for each participant (n = 1137; available online) and transformed these scores to percentage scores ranging from 1 to 100%. For all EBRB scales, a higher score indicated more of the behavior.
Hierarchical Linear Modeling
We used hierarchical linear modeling (HLM) because treatment was assigned randomly to intact schools (Raudenbrush and Byrk 2002) . Model fit has been improved in 3-level HLMs with student-, classroom-, and school-level covariates compared to 2-level HLMs with student-and school-level covariates (Koth et al. 2008) . Therefore, we used 3-level models when student-level variables were available. We previously found that school-level characteristics explained a significant amount of the clustering indicated by significantly high baseline intraclass correlations for BMI and EBRB across the schools (Gray et al. 2015a ); therefore, they were included in our models. To treat missing data, we performed multiple imputation in SPSS v.22 (IBM) and used averaged results of 10 imputed datasets in analyses conducted in HLM 7 (Raudenbush et al. 2011) .
Assessing the Relationships Between Facilitator Behaviors, Participant Behaviors, and EBRB Outcomes 3-level HLMs were used to test hypotheses that fidelity, teacher interest and responsiveness (i.e., student satisfaction and recall) were related to EBRB outcomes. Implementation and outcomes have been previously compared across treatment and control groups in childhood obesity prevention process evaluations (e.g., Gray et al. 2015b; Saunders et al. 2006) . We assessed fidelity, satisfaction, and recall using a piecewise regression approach (Paulson 2006) . This approach assumes that the regression line is flat for the control group and depicts a gap in control and treatment group trends, allowing comparison across the whole range of fidelity and responsiveness. In order to facilitate a piecewise approach, we calculated interaction terms for the interaction between fidelity, satisfaction, recall and a binary treatment variable (0 = control, 1 = intervention). Ordinal variables were transformed to stabilize variance prior to calculating the interaction variables (Cohen et al. 2002) . Students who received Curriculum and students who received Wellness (in both cases including data from students in schools randomized to Curriculum + Wellness) were compared to students in the control group. Fidelity, satisfaction, and recall were assumed to be 0 for the control group because these students did not participate in FHC during the intervention year. We examined each EBRB scale separately, controlling for group mean-centered baseline age, gender, BMIz, and EBRB at the student level (L1), and grand mean-centered %FRL, %ELL, %Black, and %Hispanic at the school level (L3). Multicollinearity precluded controlling for treatment. An example model is provided [Eq. 1].
We also used 3-level models to assess the relationships between teacher interest and EBRB. Models controlled for group mean-centered baseline age, gender, BMIz, and EBRB at the student level (L1); group mean-centered class engagement at the classroom level (L2); and grand mean-centered %FRL, %ELL, %Black, and %Hispanic at the school level (L3). We controlled for treatment group at L3 as these models did not use piecewise regression.
Assessing the Relationships Between Facilitator Behaviors and Participant Behaviors 2-level HLMs were fitted to examine the relationship between teacher interest and fidelity, both classroom level variables. No individual student level variables were included in these models. The dependent variables, Curriculum fidelity and Wellness fidelity, both classroom level (L1), were examined separately. Models controlled for class engagement at the classroom level (L1) and grand mean-centered %FRL, %Black, %Hispanic, and %ELL at the school level (L2). An example model is provided [Eq. 2].
3-level HLMs assessed relationships between teacher interest and student responsiveness. The dependent variables, Wellness satisfaction, Curriculum satisfaction, and Curriculum recall, all student level (L1), were examined separately. Models controlled for group mean-centered baseline age, gender, and BMIz at the student level (L1); group meancentered fidelity and class engagement at the classroom level (L2); treatment, and grand mean-centered %FRL, %ELL, %Black, and %Hispanic at the school level (L3). An example model is provided [Eq. 3] .
Moderation Models We tested the influence of the interactions between teacher interest and fidelity and between responsiveness and fidelity on EBRBs.
Results
Descriptive analyses of process variables were similar across conditions, as shown in Table 2 ; however, fidelity was consistently high in Curriculum, and lower and more variable in Wellness. A 3-factor EFA reduced the 45 EBRB items from the FHC-Q to 3 factors (χ 2 =3704, p < .0001, RMSEA = 0.05; available online): Healthy behaviors (HB), unhealthy eating behavior frequency and sedentary behavior (UBF), and unhealthy behavior portion size (UBS). These factor scales are described by treatment at baseline and posttest in Table 2 .
Main Effects
We used 3-level HLMs to test hypotheses that fidelity, teacher interest, satisfaction, and recall were each related to healthier EBRB outcomes (i.e., HB, UBF, UBS). The results of these models are described below and summarized in Table 3 . We used 2-and 3-level HLMs to test hypotheses that teacher interest was related to fidelity, and that teacher interest and fidelity were related to satisfaction and recall. The results of these models are described below.
Facilitator Behavior and EBRB Outcomes
Six models examining the relationship between Curriculum fidelity (school n = 15, class n = 44, student n = 1140), Wellness fidelity (school n = 14, class n = 41, student n = 954), and HB, UBF, and UBS compared intervention to control using piecewise regression. Models controlled for school level demographics and baseline age, gender, BMIz, and EBRBs. It proved particularly challenging to collect fidelity data on Wellness from one school with four classes. Though Wellness activities were implemented, teachers resisted fidelity questions and did not complete tracking activities. The FHC instructor reported questionable reliability of the feedback received from the classes in that particular school and the research team decided to exclude those data from the analysis, which reduced school sample size by one for analyses including fidelity. Three models were used to examine the relationship between teacher interest and HB, UBF, and UBS controlling for school level demographics, treatment, class engagement, and baseline student age, gender, BMIz (school n = 15, class n = 45, student n = 1053).
Wellness fidelity was significantly negatively related to HB; for every 1-point increase in wellness fidelity on a 100-point scale, HB decreased by 0.06 on a 100-point scale. Curriculum fidelity was significantly and positively related to UBF; for every 1-point increase in curriculum fidelity, student UBF increased by 0.68 on a 100-point scale. Other relationships between fidelity and EBRBs were not significant. Fidelity had negative relationships with HB and an inconsistent, but generally positive relationship with unhealthy EBRBs; the more FHC was presented in a classroom, the students tended to report less healthy EBRBs. Teacher interest was not significantly associated with any EBRBs.
Participant Behavior and EBRB Outcomes
The 15 models examining the relationship between Curriculum recall, Curriculum satisfaction (both school n = 15, class n = 44, student n = 1140), Wellness Satisfaction (school n = 15, class n = 45, student n = 1118), and HB, UBF, and UBS compared intervention to control using a piecewise regression approach. All models controlled for school level demographics and student baseline age, gender, BMIz and EBRB.
Curriculum satisfaction was significantly related to HB, UBF, and UBS, compared to control; for every 1-point increase in Curriculum satisfaction on a 5-point scale, HB increased 5 points on a 100-point scale, and UBF and UBS decreased 8 and 5 points, respectively, on a 100-point scale. Wellness satisfaction was significantly related to HB and UBS; for every 1-point increase in Wellness satisfaction on a 5-point scale, HB increased 4 points on a 100-point scale, and UBS decreased 7 points on a 100-point scale. Though Curriculum recall was not significantly associated with any EBRB, it was positively related to HB and negatively related to UBF and UBS.
Additional sub-analyses examining satisfaction with each of the two Wellness components, dance breaks and snack policy, indicated positive relationships with HB and negative relationships with UBF and UBS. Dance breaks satisfaction was not significantly associated with any EBRB, but was positively related to HB and negatively related to UBF and UBS. Snack policy satisfaction was significantly related to HB, UBF, and UBS; for every 1-point increase in snack policy satisfaction on a 5-point scale, HB increased 4 points on a 100-point scale, and a UBS and UBF decreased 5 and 8 points, respectively, on a 100-point scale.
Across all measures of student-level responsiveness, there was a positive relationship with HB and a negative relationship with UBF and UBS; though not all of these relationships were significant, positive student responses to FHC (in so far as they recalled or liked it), tended to co-occur with more positive EBRBs. Table 2 Description of facilitator behavior, participant behavior, and program energy balance-related behavior (EBRB) outcome means and standard deviations by treatment Curriculum (school n = 10, class n = 30, student n = 760) Wellness (school n = 10, class n = 30, student n = 756) Control (school n = 5, class n = 14, student n = 377) Facilitator Behaviors (class level) Data for students in Curriculum + Wellness were collected as part of each intervention and are included with the corresponding descriptives a Data are from curriculum feedback forms (n = 611) and wellness classroom tracking posters (class n = 29) Maximum curriculum was 23 45-min lessons, maximum wellness was daily 165-175 10-min dance breaks, including dance breaks without a FHC instructor present. Teacher interest is a mean score calculated from mean teacher participation and mean teacher attitude for each class b Data are from curriculum student surveys (n = 494) and wellness student surveys (n = 474), except curriculum recall data, which are from lesson artifacts collected ¾ of the way through the curriculum (n = 515) c All scales based on self-reported student EBRB data from the FHC-Q administered at baseline and after the Food, Health & Choices intervention; scales calculated using factor loadings from a Promax-rotated exploratory factor analysis and are reported on a scale of 0-100, with higher scores indicating more of the indicated behavior d One school's fidelity data were excluded, making school n = 9, class n = 26, student n = 954
Teacher Interest and Fidelity
Two 2-level HLMs were used to examine relationships between teacher interest and fidelity in classes receiving Curriculum (school n = 10, class n = 30) and classes receiving Wellness (school n = 9, class n = 25). Both models controlled for school level demographics, study condition, and class engagement.
In classes that received Curriculum, teacher interest was not significantly related to fidelity (b = −1.69, SE = 2.67, t = −0.63, p = .54). In classes that received Wellness, teacher interest was significantly positively related to fidelity (b = 47.44, SE = 16.93, t = 2.80, p = .01); for every 1-point increase in teacher interest on a scale of 1 to 3, fidelity increased by 47 points on a 100-point scale. When classroom teachers in Wellness schools were interested and participated while the FHC instructor was facilitating, their classes received more of the FHC program.
Teacher Interest, Fidelity, and Student Satisfaction and Recall Three 3-level HLMs were used to examine the relationships among teacher interest and Wellness satisfaction (school n = 9, class n = 25, student n = 354), Curriculum satisfaction Models controlled for %free and reduced price lunch, %Black, %Hispanic, %English language learners, and study condition at school level, class engagement and teacher interest at class level, and baseline age, gender, EBRB, and BMI z-score at student level. Predictors were interaction variables (e.g., recallXtreatment) a Scales calculated using factor loadings from a Promax-rotated exploratory factor analysis of self-reported student EBRB data from the FHC-Q b From feedback forms, maximum curriculum was 23 45-min lessons; control = 0; school n = 15, class n = 44, student n = 1140
c From tracking posters, maximum wellness was 175 10-min dance breaks; control = 0; school n = 14, class n = 41, student n = 954 (one school excluded)
d From feedback forms, score calculated from mean teacher participation and mean teacher attitude for each class; school n = 15, class n = 45, student n = 1053 e Data from lesson artifacts collected ¾ through the curriculum; recall for all students in control = 0; school n = 15, class n = 44, student n = 1140 f Data from student surveys at the conclusion of FHC; satisfaction for all students in control = 0; school n = 15, class n = 44, student n = 1140 g Data from student surveys at the conclusion of FHC; satisfaction for all students in control =0; school n = 15, class n = 45, student n = 1118 *p < .05 **p < .01 ***p < .001
(school n = 10, class n = 30, student n = 426), and Curriculum recall (school n = 10, class n = 29, student n = 447). All models controlled for school level demographics, study condition, class engagement, fidelity, and student baseline age, gender, and BMIz. 
Moderation Models
We used 3-level HLMs to test hypotheses that teacher interest and student satisfaction and recall moderate the relationship between fidelity and EBRBs (i.e., HB, UBF, UBS). The results of these models are described below and summarized in Table 3 . There were no significant interactions between teacher interest and fidelity for any EBRBs. We found a significant interaction effect of satisfaction and fidelity on UBF and UBS in Wellness. The more students liked FHC, the greater the effect of fidelity on reducing unhealthy behaviors.
Mediation Models
Assumptions for mediation were not met because there were no significant main effects for the relationship between fidelity and responsiveness.
Discussion
As part of the FHC school-based obesity prevention trial process evaluation, we tested relationships between facilitator behaviors, participant behaviors, and program EBRB outcomes hypothesized by Berkel et al. (2011) using HLM to account for clustering at the class and school levels. We found that fidelity was negatively related to EBRB outcomes (i.e., HB, UBF, and UBS) and teacher interest was not related to EBRB outcomes, but measures of student responsiveness (i.e., satisfaction and recall) were related to improved EBRB. When assessing relationships between facilitator behaviors and participant behaviors, we found that teacher interest predicted fidelity, but only in Wellness, the condition in which teachers were partially responsible for facilitating the intervention. Neither teacher interest nor fidelity predicted participant behaviors (i.e., student satisfaction and recall). Moderation models indicated a significant interaction between satisfaction and fidelity on unhealthy behaviors in the Wellness condition. These findings, summarized in Fig. 1 , suggest that individual students in the same class responded differently to the same intervention. They also suggest the importance of teacher buyin for successful FHC implementation. Among FHC participants, as individual students' responsiveness increased, HB also tended to increase, while UBF and UBS tended to decrease. This is consistent with prior research examining responsiveness in childhood obesity prevention (e.g., Gray et al. 2015b; Schmied et al. 2015) as well as other school-based prevention interventions (e.g., Sánchez et al. 2007) . Although the relationships between EBRB, curriculum recall and dance breaks satisfaction were not significant, given the small classroom and school level sample sizes and pattern of results, they may be related to behavioral outcomes as well (Shadish et al. 2001) . Furthermore, the lack of significant relationship between dance breaks and EBRB could be due to the nearly universally high satisfaction ratings for dance breaks, which limited variability. It is important to note that it is not possible to ascertain the direction of this relationship based on the analyses presented here. Students who liked and remembered the intervention may have therefore improved their behaviors, or it is possible that students who already engaged in more of the EBRB liked and remembered the intervention better.
The statistically significant relationships between fidelity and EBRB in the opposite direction than hypothesized suggest that the classroom experience of FHC was distinct from the individual experience. Although surprising given the frequent relationship between fidelity and outcomes in prevention interventions (Durlak and Dupre 2008) , a negative relationship between fidelity and outcomes is not unheard of, especially when responsiveness and outcomes are found to be related (e.g., Sánchez et al. 2007; Schmied et al. 2015) . These relationships are clarified by the significant effect of the interaction between satisfaction and fidelity on UBS and UBF in Wellness indicating that the more students liked FHC, the greater the relationship between intervention fidelity and less unhealthy EBRBs.
The finding that fidelity and teacher interest were significantly related in Wellness is important because while Curriculum was entirely implemented by FHC instructors, Wellness relied on classroom teachers for some of the implementation. FHC instructors facilitated the dance breaks and snack policy weekly, but fidelity was calculated based on how many dance breaks were completed over all school days. That teachers' attitude toward and engagement in Wellness, as observed by FHC instructors, were so strongly related to fidelity is consistent with prior research linking teacher interest and delivery (Gray et al. 2015b; Martens et al 2006) . This may reflect the barriers (e.g., testing pressures, unwillingness to use the program) explored by Greaney et al. (2014) in their examination of teacher implementation of a school-based childhood obesity prevention intervention. It also raises the question of if teachers or specialists are better equipped to deliver programs (Rohrbach et al. 2007 ).
Despite the fact that FHC was a large trial, small sample sizes at the school level reduced statistical power. The analyses in this paper should be interpreted as exploratory and future work should aim to test these theories directly. The direction of the relationships tested was inferred from the theoretical framework and may not represent the true relationships. Finally, the use of self-reported measures and the contribution of unmeasured factors, such as home environment, to EBRB may have limited the explanatory power of our results.
Implications
Our findings suggest that responsiveness, specifically satisfaction, is an important aspect of implementation and merits further examination to better understand the relationship between satisfaction and outcomes, the interaction between satisfaction and fidelity, and how to address both in the design and evaluation of prevention interventions. The relationship between teacher interest and fidelity has implications for teacher professional development programs, including requirements for pre-service teachers and suggests that it may be more effective to have nutrition and physical activity educators implement interventions. Future studies should evaluate the cost effectiveness of using trained specialists in school-based prevention interventions.
Taken together, these findings have implications for viable validity, or Bthe extent to which an evaluation provides evidence that an intervention is…practical, affordable, suitable, evaluable, and helpful in the real-world^ (Chen 2010, p. 207) . That those who liked FHC also tended to have better outcome behaviors suggests the value of determining what makes some students more responsive (e.g., attendance, personal characteristics, or social support) and adapting interventions accordingly. Finally, by assessing multiple aspects of implementation and using models that account for contextual influences on behavioral outcomes, this process evaluation provides an important step forward in the evaluation of prevention interventions.
